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Abstract 


There are various optimization techniques; one of which is particle swarm optimization. 
Particle swarm optimization is an evolutionary computation technique based on the 
movement and intelligence of swarms. This paper presents a design of a miniaturized 
dual-band patch antenna using particle swarm optimization with moment of methods. 
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Introduction 


An antenna is an important part in Wireless Network Systems. Therefore, designing a 
suitable antenna is of importance. By the fact that designing an antenna empirically is 
expensive, it can be superseded by designing an antenna using a computer. In this 
approach, the design of a miniaturized antenna can be optimized using an optimization 
technique, for example, particle swarm optimization. 


Introduced in [1], particle swarm optimization is an evolutionary computation technique 
based on the movement and intelligence of swarms. There are various variations of 
particle swarm optimization. Further discussion can be found in [2]-[6]. The 
Coe is initialized with a random swarm of particles (a population of potential 
solutions) P ei en 


Each particle flies through the search space with velocity adjusted by 3 factors: 


|) Inertia factor: This factor prevents each individual particle from drastically changing 
in direction. 

2) Cognitive factor: The effect of this factor is that each individual particle is drawn 
back to its local best position (Pbest) 

3) Social factor: The effect of this factor is that each individual particle (potential 
solution) is drawn toward the global best position (Gbest) found by the whole 


population of particles. © 
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The local best position (Pbest) and the global best position (Gbest) refer to the best 
position fittest to the so-called fitness function found by each individual and by the 
whole swarm of particles, respectively. The fitness function corresponding radiation 
characteristics can be evaluated by solving for current on the patch antenna. Radiation 
characteristics can then be calculated directly from the current. So can the fitness 
function. The velocity of particle Z at generation Z, denoted by V,’,can be expressed as 


Vv. iia oV +a (P5, — P) + ca (G; — P’) (1) 


i best best 


Referring to Eq. 1, the velocity consists of three components: the inertia component 


ov," } the cognitive component ¢@(P’,.,.—P'”) and the social component cæ, (Gi, - P) 
.These components are associated wıth the inertia factor, the cognitive factor and the 
social factor, respectively. It should be noted that @,a@, and @, are random numbers 


whereas C, and Cz are learning factors. Usually, c, =c, =2. The position of particle 7 


at generation Z , denoted by P’, can be expressed in terms of the position and velocity 
of particle | at the previous generation as shown in Eq. 2 


Hea AH] (2) 


ce ©) 
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Particle swarm optimization searches for the design of antenna best-suited to the 
specified characteristic(s), for example, low return loss. The specified characteristic(s) 
can be calculated once the current distribution on the antenna structure is obtained. The 
current distribution on antenna structure can be calculated using method of moments 
(MOM)[7]. Using particle swarm optimization with method of moments, this paper 
presents designing of a miniaturized patch antennas applicable for IEEE 802.11a/b/g 
standard. 


TABLE 1: Table to compare the return loss at 2.4 and 5 GHz of the initial antenna 
shown in Fig. 2 and the antenna optimized by particle swarm optimization. 


Initial Antenna Optimized Antenna 


1 2.4 GHz 5 GHz 2.4 GHz 5 GHz 
_0.9936dB -3.238 dB -16.65dB -16.79dB 
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Coding of a Patch Antenna 


Fig. | shows the structure of a patch antenna. The size of the antenna is 33 cm. The 
patch is discretized into nxn cells of equal dimension where n = 15; each patch cell 1s 
represented by a binary number | or O. | represents the presence of associated patch cell 
whereas Q represents the absence of associated patch cell. Hence, the patch is 


represented by N, = n’ =225 bits. The height can be = J a ,----3 cm;  eachof 
which is represented by N,=4 bits varying from O...O to 1...1 , respectively. 
N -bits N obits 


Finally, feed position is place on one of individual patch cells. The feed position 1s 
represented by N, bits where N,can be determined by rounding up 2log, n . Therefore, 
each of patch antenna (or particle) can be represented by N bits where N =N, +N, +N, 
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Figure 1: The structure of a patch antenna 
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Optimization Setup and Fitness Function 


The optimization is initialized with a population of patch antennas (or particles); The 
population of patch antennas (or particles) consists of 30 patch antennas; each of which 
is coded by a random binary number. Fig. 2 shows an example of initial patch antennas 
which is coded with a binary number with all bits are 1. The specification for designing 
a patch antenna must correspond to the associated fitness function. 


The fitness function is evaluated to measure the fitness to the specification of each 
individual antenna (or each individual particle). For designing a dual band antenna 
operating at 2.4 and 5 GHz, in this paper, the fitness function 7 is as follows: 


DAL 
Mie SH +0.001Var, cu, + Varcu) © 


9112.40: iH S11 sGH: 





where 


inet O,max($)1 5.4GHz -511,5GHz )<-15dB 
weight — \ 1000, otherwise 
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Figure 2: An initial patch antennas coded with a binary number all bits of which are | 
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Also, it should be noted that Var,,.,,, and Var.,,,, in 3 refer to the variance of the 
radiation pattern measured at the frequency of 2.4GHz and 5GHz, respectively. The 
variance Var is approximated by 


Veri jea Pal SL (4) 


where 
PM ee ARO LL 
AMET Ca La a 


and N=360 
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Optimization 


Fig. 3 shows the miniaturized patch antenna optimized using particle swarm 
optimization. Fig. 4 shows the plot of S,,vs frequency. Additionally, for the optimized 
antenna, Table 1 shows that the return loss at 2.4 GHz and the return loss at 5 GHz 
equal -16.65 dB and -16.79 dB, respectively. That is, for the optimized antenna, 


Pa ae = -16.65 dB and Dineh -16.79 dB. In addition, Figs. 5 and 6 show radiation 
pattern of the optimized antenna for = 30°and 90°, respectively at the operating 


frequency of 2.4 GHz where as Figs. 7 and 8 show radiation pattern of the optimized 
antenna for = 30° and 90° , respectively at the operating frequency of 5 GHz. 
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Figure 3: A miniaturized patch antenna optimized using Particle Swarm Optimization 


with Method of Moments 
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Figure 4: Plot of return loss ( ,§ i ) vs frequency 
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(a) (b) 





(a) (b) 
Figure 6: Radiation pattern of the antenna at = 90° (a) 2.4 GHz (b) 5 GHz 
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Conclusions 


In this paper, a patch antenna is designed using particle swarm optimization with 
method of moments to support [EEE 802.11la/b/g standard. That is, the designed patch 


antenna can operate at 2.4 and 5 GHz. 
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